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We report on the low frequency noise in the ballistic point-contacts between a silver tip and a nio- 
bium foil. The ballistic nature of the point-contacts is confirmed by Andreev reflection spectroscopy 
at low bias voltage with the Nb foil cooled below its superconducting transition temperature (Tc). 
We find that the voltage dependence of the low frequency noise differs for different point-contacts 
with varying contact resistances. At high bias voltages, random two level fluctuations appear and 
dominate over the background 1// noise. From analysis of the Andreev reflection spectra, we show 
that such two level fluctuators may give rise to depairing of the superconducting order parameter. 



The transport properties of a point-contact (PC) be- 
tween two metals are determined by whether the PC is 
in the ballistic, diffusive, or thermal regime.^ In the bal- 
listic regime, the size of the constriction d is significantly 
smaller than the mean free path I, and the resistance 
is due to the limited number of electrons available in 
the cross-section area of the PC, i.e., the Sharvin resis- 
tance Rsh — IGpl/iTTcP. In the thermal regime (where 
d is larger than I), the point-contact resistance is mainly 
given by the Maxwell resistance Rm — p/d- When one 
of the metals forming the PC becomes superconducting, 
Rsh can decrease by up to a factor of two due to Andreev 
reflection at the point-contact. In this case, the bias- 
dependence of the point-contact conductance can be an- 
alyzed by a theory developed by Blonder, Tinkham and 
Klapwijk (BTK)i^ Such a bias-dependence, the so-called 
point-contact Andreev reflection (PCAR) spectrum, has 
been successfully applied to probe the superconducting 
order parameters in conventional^ and unconventional^ 
superconductors. It is believed that measurement of the 
noise in PCs formed on superconductors might provide 
more information than simple current- voltage character- 
istics (IVC) measurements)^ e.g., about the pairing mech- 
anism of the unconventional superconductorsj^i^ Here we 
study the noise in ballistic PCs between Ag and Nb, a 
conventional superconductor with Tc ^ 9.2 K. 

The measurements are done in a liquid He storage de- 
war. The sample is mounted on a solid disk of copper 
(sample holder) installed at the end of a low-temperature 
scanning probe microscope. There is a heater and a 
thermometer attached to the sample holder in order to 
vary the sample temperature. In order to form the bal- 



TABLE I: Fitting parameters of three PCs: _Rjv is the nor- 
mal state resistance; d is the estimated diameter of the PC 
from Rn\ Z is the barrier strength in BTK theory; A is the 
superconductive gap; F is the depairing parameter. 
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FIG. 1: Bias dependence of normalized conductance of several 
PCs at 5.8 K. The soUd Unes are fits with the BTK model. 
The fitting parameters are listed in Table 1. 



listic point-contacts, a sharp tip of Ag is brought in 
contact with the sample by a sophisticated piezo-driven 
coarse approach mechanism that is installed in the low- 
temperature scanning probe microscope. The quality of 
the point-contact is judged by the nature of spectra and 
comparing it with known spectral features. 

Figure 1 shows the normalized conductance and fits us- 
ing BTK theory for three PCs that were used for system- 
atic measurement of the bias dependent noise. The fit- 
ting parameters are listed in Table 1. The diameter of the 
ballistic PCs labeled as 'A', 'C, and 'F' respectively are 
estimated following the expression for Rsh which leads 
to d « 37.9/^/RN (nm), where Rn is the normal state 
resistance at zero biasii For all three PCs, the estimated 
d is smaller than the mean free path of bulk silver (~ 100 
nm) at liquid helium temperature and therefore satisfy 
the criteria for ballistic PCs. The superconducting gap 
A obtained from the fitting is lower than that of bulk 
Nb at the bath temperature (^ 1.2 meV). This may be 
attributed to the presence of a natural oxide layer on the 
niobium foil.^ The fitted depairing parameter F for PC 
'F' is significantly higher than that for the other two PCs. 
This is unusual for a simple weak-coupling conventional 
BCS superconductor. In the high temperature cuprate 
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FIG. 2: Voltage dependent noise of PC 'A' at 5.8 K. a): Bias 
dependence of the normalized voltage noise power. Near zero 
bias data are not shown since the background noise would 
lead to artificial effect after divided by . b): Noise power 
spectrum density (V Sv) at several bias voltages correspond- 
ing to the peak in a). The cyan lines are fits using Eq. (1), 
showing clearly the frequency knee associated with a single 
TLF. 



superconductors, a large F is found which is related to 
the oxygen stoichiometry at the surface .— We note that 
it is possible to fit the normalized conductance with an 
elevated temperature instead of using a large F. How- 
ever, the temperature of the point-contact that is in the 
ballistic regime should not be enhanced over the bulk as 
there is statistically no inelastic scattering and hence, no 
dissipation in the point-contact. The high contact resis- 
tance and consequent small contact size, the absence of 
conductance dips associated with Maxwell's resistance^ii 
and the temperature independent resistance above Tc, 
all suggest that the contact 'F' remains in the ballistic 
regime. 

Now we concentrate on the results of the noise mea- 
surements. It is well knowni^iH that when the size of 
the point contacts shrinks to nanometer size, the low fre- 
quency noise at some finite bias can be dominated by a 
single two- level fluctuations (TLF) , which means the re- 
sistance switches between two discrete resistance levels 
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FIG. 3: Voltage dependent noise of PC 'C at 5.8 K. a): Bias 
dependence of the normalized voltage noise power, b): Noise 
power spectrum density {\/Sv) at several bias voltages. 



and the corresponding power spectrum is a Lorentzian 
given byi^"— 



Snif) = 



Sqt, 



1 + 



(1) 



where 5*0 is the integrated power and r^ff the effective 
time (see e.g.. Fig. 2b for the power spectrum and inset 
of Fig. 4b for the time trace). Here we focus on the differ- 
ence of the noise spectra for the three ballistic PCs char- 
acterized by PCAR. To measure the voltage dependent 
noise, a DC bias is applied with a current source realized 
by putting a 3 Ml metal film resistor (much larger than 
the PC resistance) in series with a filtered voltage source. 
The voltage fluctuation signal from the PC is AC coupled 
to home-made battery-powered low noise amplifiers, and 
the output signals after amplification are sent to data 
acquisition cards and are analyzed by a computer after 
digitization. In the frequency window of our experimen- 
tal set-up (up to 100 kHz), the noise spectrum is either 
of a 1// type or a combination of a dominating TLF and 
1// noise background, as shown in Fig. 2, 3, and 4. 

The empirical expression for 1// noise is^^ii^ 
SniD/R'^ = Oi/Ncf, where Nc is the number of charge 
carriers, and a is a sample-specific constant. To compare 
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the measured noise power with the 1 // Hne shape for dif- 
ferent point contacts, we normahze the measured voltage 
noise power Sy with the frequency / and the bias voltage 
V {Sv /V^ — Sr/R^ for near Ohmic region) to obtain a 
measure of a/Nc- In Fig. 2a, Syf/V^ at 1, 5, 10 kHz are 
shown for PC 'A'. The scaling of frequency is reasonably 
good except at around -8 mV and +25 mV, which con- 
firms 1// type spectra in most bias voltage ranges. The 
magnitude of JSy /V^ of the 1// background is of the 
order of 1 x 10~^°, consistent with previous results for 
large metal nanobridges.^^ 

Between 20 mV and 30 mV, there are strong peaks 
with position shifted for different frequencies, which are 
due to the presence of discrete TLF's and are demon- 
strated clearly by the Lorentzian line shape spectra in 
Fig. 2b. The shift of the knee to higher frequency for 
larger bias was previously observed for ballistic noble- 
metal nanobridges and was attributed to defect heat- 
ingji^ii^ Such TLF's were also suggested to explain the 
noise- voltage dependence for shear type PCsr^ii^ but has 
not been investigated for the needle-anvil type heterocon- 
tacts employed in this work. Using a simplified equation 
Te// = Toexp(e/V), from fits in Fig. 2 we find the at- 
tempt frequency tq « 10~^^ S, and the activation en- 
ergy e K, 483 mV, consistent with previous results for 
nanobridges. "'^'^ We note that TLF's are not universal for 
PCs. As was shown recently, TLF's are absent in tunable 
break junctions (another type of PC), and scaling of the 
1// noise with resistance was found from the ballistic to 
the diffusive regime." 

For PC 'C, the influence of TLF's on the noise power 
spectra is smaller than that of PC 'A'. As shown in Fig. 3, 
there are peaks around ±10 mV, ±25 mV. Although the 
shift of peak position at different frequencies is still ob- 
vious, the magnitude of these peaks are much smaller 
than that of PC 'A'. We repeated the noise measure- 
ments at 5.8 K and 13 K and found that the change of 
peak position and peak magnitude is small for the peaks 
around ±10 mV and other peaks in the negative bias side, 
but large for the higher positive bias side. We also note 
that there is no direct correlation between the position 
of TLF's and position of the phonon peaks (around 15 
mV) derived from the second derivative (PV/dP at 13 
K. Thus, these TLF's are not due to phonons^^ii^ but 
could be due to rearrangements of cluster of atoms in 
both sides of the PCi^i^ 

For PC 'F' that requires a large depairing parameter F 
to fit the PCAR spectrum, TLF's strongly dominate the 
noise spectra as shown in Fig. 4. The normalized fSv/V^ 
at different frequencies do not coincide with each other 
due to discrete TLF's in the whole bias range. The po- 
sition and magnitude of the TLF's changes dramatically 



during repeated measurements at the same temperature 
and at higher temperatures, which suggests that these 
TLF's can be easily heated up and get rearranged, even 
though the PC itself is still ballistic. Owing to this fact 
we argue that the large F might arise from the TLF's 
in the PC 'F'. We believe that even in the point-contacts 
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FIG. 4: Voltage dependent noise of PC 'F'. a); Bias depen- 
dence of the normalized voltage noise power at 5.8 K. b): 
A typical noise power spectrum with 1/f background and a 
higher spectral weig ht at around 10^ - 10^ Hz due to TLF's, 
measured at V ~80 mV and at 23 K. The inset shows a small 
portion of the time trace, where the two main discrete levels 
and the typical switching time about a few mS are visible. 



between normal metals and unconventional superconduc- 
tors, the large F might originate from such TLF's and this 
aspect should be considered while analyzing PCAR data 
with the BTK theory. 
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